Control of lipid metabolism in the surviving bovine aorta by chemical agents has been demonstrated. For this demonstration an internally controlled technic was developed. This technic is briefly described as well as the results assaying several hormones and 2 vitamins. E XCTRBD calf aorta has been shown, 1 ' -like that of other species,""" to be capable of synthesizing cholesterol from labeled acetate. These studies also have demonstrated that accumulation of cholesterol in the blood vessel is a dynamic process, and have provided evidence that both the biosynthesis of cholesterol and its accumulation are subject to regulation by physical and chemical means.
Control of lipid metabolism in the surviving bovine aorta by chemical agents has been demonstrated. For this demonstration an internally controlled technic was developed. This technic is briefly described as well as the results assaying several hormones and 2 vitamins. E XCTRBD calf aorta has been shown, 1 ' -like that of other species,""" to be capable of synthesizing cholesterol from labeled acetate. These studies also have demonstrated that accumulation of cholesterol in the blood vessel is a dynamic process, and have provided evidence that both the biosynthesis of cholesterol and its accumulation are subject to regulation by physical and chemical means.
The latter finding raised the question of similar control mechanisms for the over-all lipid metabolism. To initiate study on this point, the capacity of the aorta in vitro to synthesize lipids other than cholesterol was investigated. A remarkable ability to incorporate C 14 from labeled acetate into the lipids was reported. 0 - 7 The study of potential control agents requires the availability of the following: first, a method for observing quantitatively the functioning of the system under study, and second, a means of comparison of its function when free and when under the influence of an agent. This report briefly describes an assay technic possessing these characteristics and describes the results obtained with 5 hormones and 2 vitamins. Received for publication Mny 19, 195S.
METHODS
The previously described teehnic 1 -of in vitro maintenance of the calf aorta has been modified in the following fashion. 1. A sufficient quantity of cow blood is drawn and deflbrinated, so that after dilution with White's solution approximately 2.3 L. of the mixture are available in a single vessel. 2. From this vessel 2 or 4 aliquots of 500 ml. each are drawn and stored under aseptic conditions in volumetric flasks. 3. The blood is drawn and defibrinated on day 1, diluted on day 2, tested for sterility over day 3. and used at between 68 and 74 houi-s from the time it is drawn. This time schedule is maintained in all experiments. 4. The calf aorta used as the test object is cut in half lengthwise. Each half is then mounted as a separate system. In each case, the cnnnula is inserted in the cardiac end of the section.
Four separate systems are set up simultaneously to study the effect of an agent on lipid metabolism in the blood. 1. 500 ml. of the blood and White's solution (hereafter called blood) is pumped through a glass cunnuln. so as to simulate pressures, circulation through the pump, aeration, etc., found in the aortal units. If the agent under test requires a carrier other than White's solution or blood, an equal amount of the carrier used in the experimental pel-fusions is added to the blood. 2. Precisely the same preparation as in 1, except that the agent under study is added. 3. The same as in 2, except that the blood passes through the caudal half of the aorta. 4. The same as in 3, except that the cardiac half of the aorta is used. The agent under test is present in the same concentration as in 2.
These 4 systems are run for about 2 hours to make certain that no mechanical difficulties, hematomata in the aorta, or events which would invalidate the run, are apt to occur. C 14 labeled acetate is added to each perfusion, followed immediately by the agent and/or carrier. The time of these additions is 00:00 time for the experiment. Aliquots of perfusate for various assays are taken at this time. The precipitate is then extracted for its lipid content with Delsal's reagent (a mixture of methylal and methanol 3:1). The precipitate is suspended in 2.5 volumes of the original blood volume and eentrifuged out for a total of 4 extractions. These 4 extractions remove 95 to 98 per cent of the extractable material. Three more are requisite for a close to 100 per cent removal, but the probable error of the over-all measurement is too large to make complete extraction requisite. The lipid extract is accumulated in a separatory funnel.
From the Aorta. The aortas are cut into very small pieces and ground with sand" in a mortar. The ground material and sand is transferred to a centrifuge tube and extracted with 50 ml. of Delsnl's reagent 4 times. The extracts are accumulated in a separatory funnel.
The next steps in treating the Delsal's extract me designed to remove labeled acetate completely. First, the extracts are shaken against a mixture of 1 volume of a 1 per cent solution of acetic acid equal to the volume of Delsal's reagent, 1 volume isopropyl ether, and 2.5 volumes of ethyl ether; the water phase is discarded. Second, another charge of the acetic acid solution is added, the mixture shaken, and the water phase discarded. The organic solvent phase is evaporated to dryness at 60 C. under nitrogen and taken up in chloroform.
For column chromatography, an appropriate aliquot is taken and evaporated to dryness under nitrogen. It is then redissolved in benzene and placed on a silica gel column containing benzene through its entire length. The weight of silica gel (20 Gm.), volume of solvents beginning with 1 per cent ether 99 per cent benzene (101 ml.), and column diameter of 17 mm., is such that nn elution provides 60 aliquots at about 7.1 ml. each. The 50 per cent methanol in ether elution does not, in the ease of the aortas, remove all the labeled lipid from the column. The elution is complete for the perfusates. (For obtaining the remainder of the labeled material in the aortal lipids, it is necessary to elute with pure methanol for a considerable number of aliquots. The number is variable.)
Each aliquot from the column is collected in a scintillation counter vial, evaporated to dryness under nitrogen, then dried 15 min. in vaeuo at 60 C. To this is then added 15 ml. of the scintillator solution and the C 14 content determined.* Summing the count in the 60 eluates provides the value for C 14 incorporation in the elutable lipids. This value is called TL C . The distribution of radioactivity is in 4 major peaks. Their usefulness in the assay is described below.
The aorta is not, anatomically, a homogeneous structure throughout its length. The cardiac portion contains much more connective tissue than the caudal. This difference in connective-tissue content of the 2 portions has the expected effect on the capacity (per gram) of different portions of the aorta to incorporate ncetute from a common pool into lipids.
For an investigation of this difference in capacity, 10 organs were perfused as a whole, then cut into the appropriate portions. Five were cut in half, the remainder into quarters. Each section was extracted and treated to obtain the TL D and TL C values. Figure 1 presents the data found in the quartiles. The ratios were calculated by obtaining the total C 14 count of the lipids of each aorta and dividing it by the wet weight of the aorta to give the average per gram value. Then the ratio of each quartile's count per gram to the total per gram count was computed. The ratios were averaged and the values plotted as shown.
This instrument is sufficiently sensitive to permit adequate counting accuracy at the C" concentrations met in the aliquots by counting each sample for 1 minute. Constant use of a standard (every eleventh count) during the counting procedure permits constant evaluation of sensitivity and calibration. The final check is provided in analyses of perfusates by observing the agreement between the sum of the count in all 60 aliquots of the chromatographed samples and the total count known to have been placed on the column.
The figure shows thut qunrtile 1 (the bifurcation portion of the organ) has almost double the capacity per gram to incorporate C 14 from acetate into lipids of quartile 4 (the cardiac portion of the aorta). But the capacity to incorporate C 14 over the aorta's length varies regularly between the two extremes. Consequently, irrespective of where the aorta is bisected, a fixed relationship between the two portions can be expected.
The relationship between the top and bottom halves as to their capacity per gram, to incorporate C 14 from acetate into lipids has been computed by the usual methods, and the results are shown in figures 2 and 3. Both figures show the limits for 2 and 3 times the standard error of estimate.
These figures provide the means of comparison by which it can be determined whether or not a specific agent possesses a capacity to increase or decrease the over-all (TLc or TL n ) per gram ability of the aorta to incorporate C 14 into lipids. Nineteen chromntographic analyses of the control aortas provided data on the distribution of the count in the 4 peaks of radioactivity.* The ratio of the count in each of the peaks to the total eluted count of TL C was determined. The average ratio value for each of the peaks and its standard deviation was computed (table 1). The expected count in each of the four peaks can be determined from these data, by utilizing the equation determined for figure 3. The ratios and the extent of their deviations from the norm measure the ability of an agent to affect the distribution of C 14 among the lipids, and consequently the degree of movement into specific lipids of the C 14 from labeled acetate.
There remains one potential of this teehnic that has not yet been converted into statistically valid data. This is the examination of the count found in the perfusate of the experimental aorta as a function of that found in the perfusate of the control. It is possible to determine whether or not an agent can inhibit or increase the movement of newly synthesized lipids in or out of the aorta. A capacity of an agent to move lipids out would be reflected in the perfusate of the experimental aorta by a much higher titer of C 14 in the lipids than that seen in the control pertusate, provided that the agent had no direct effect on lipid metabolism in blood per se. Theoretically, if an effect were seen in the blood, then this could be subtracted from that seen in the experiment on the aorta, and compensation could be made.
To date, this phase of the teehnic has not been studied with the requisite detail for establishing
•Chemical composition of peaks as known to date: peak 1-cholesterol eaters, plus other substances; peak 2-free cholesterol, plus other substances; peaks . ". and 4-phospholipids, plus other .substances. Beliitionship between the ratio of count per gram of an aorta quartile and the count per gram of the whole aorta. Quartile 1 contains the bifurcation of the aorta, quartile 2, the lower upper abdominal region, quartile 3 the lower thoracic and quartile 4, the cardiac portion. TLD refers to the C" content of the total material extraetable from the aorta by Delsul 's reagent. TL C refers to the C" content of all the lipids that arc recovered after TLD has been chromatographed on a silica gel column, as described in the text. The C" content of TL 0 ranges from 0.5 to 0.8 that of TLD. Fio. 3. Relationship between the halves of the norta »j shown in flguro 2, except that here the extract used in obtaining TLD has been chromatographed to yield TI>e. Since TLc is a chromatographically defined portion of TLu (the total lipids of the aorta as defined by the primary extracting agent) the decrease in variation seen in this fignre as compared to that in figure 2 is to bo expected. The decrease in C" content invariably found when the aortal TLj> is chromatographed is evidence of the purification obtained by the chromatography. The .05 nnd .01 lines of probability are shown. The equation of the relationship is y = .38x -f-18, where y = TLc/gram of the top half and x = TTj, : /grnin of the bottom. precise confidence limits. The experiments on paranminobenzoic acid and nicotinic-acid are the only ones in a considerable series which indicate that the movement c:in be affected. That it can be is so marked in these instances, tint statistical evaluation is not n requisite for the purposes of this presentation.
Expression of Results. As described, the procedure permits measurement of 19 parameters at once in an experiment in which the effect on blood per se is measured. The control values are predictive, in each instance. The limits of range have been defined for each parameter, except those that have here been discussed. Thus it is possible to compute, or, by u.sinjr fijrures '1 and 3, to learn, whether or not the value obtained in the system in which the agent under study was placed was outside the normal range of expectancy. To give due consideration to the lack of genetic and environmental uniformity in the bovine material used in these studies, no deviation from normal, no matter how statistically significant, has been considered real, unless seen to be statistically significant in 2 or more experiments. Therefore, for presentation purposes, when a found value deviates from the expected value at a significant probability level (p=0.05 or less) in 2 or more assays the ration of the found value (F) F to the expected value (E), (or-) is recorded as an average of the ratios found, coi'rect to the F nearest tenth. (For example, if --in experiment E A is 2.0, and in experiment B is 1.5, the average is given as 1.8.)
The results of assaying a particular substance are best expressed as multiples of E, the expected value. Thus, when, in describing the effect of an agent on the TLc per gram, the value 2E is given, thLs statement means that the amount of C 14 found in the experimental aorta's TL C per gram in the assay was twice that expected. In several instances there were disturbances in the distribution of C 14 among the peaks and in the per gram incorporation at those peaks. The same presentation and interpretation can be applied here.
RESULTS
The results are presented in table 2. They are expressed as indicated, and redefined for clarity, as follows.
TIJ D . The C 14 content of all the material extracted from an aorta or perfusate by the Delsal's reagent used as the lipid extractant. T V . The C 14 content of all the lipids obtained in eluates from the silica gel column when TL,, (the primary extract) is chromatographed. TL,, and TL<-were always equal in value when derived from the perfusate. TL f . may range from 0.5 to 0.8 of the C 14 content of TL n when dealing with aortal extracts. Thus the chromatographic procedure did not redefine and narrow dowu the range of material studied in the perfusates. It did do so in the case of aortal extracts.
Peaks 1, 2, 3, 4. These are the peaks of radioactivity found when the C M content of an eluate from the column is plotted against the eluate member. The sum of the C 14 counts found in these peaks provides the value for TL C . The count found in each peak divided by TLc provides the ratio values given for the peaks in table 1. It was found that the 4 steroid hormones as well as Seifter's and Baeder's lipotrophic factor 8 (considered a hormone for this presentation) all had significant, although different, effects on the aorta in vitro.
The 2 vitamins (para-aminobenzoic acid being considered a member of the B complex in this discussion) were most surprising in that they show marked effects on the perfusates. Factors of reduction in the C 14 count seen in the test perfusate to % the count seen in the control of contrariwise increases by 8 to 10 fold do not require statistical analysis to indicate significance. Unfortunately it is not possible to calculate how much the aorta should be credited or debited for these changes in the perfusate.
DISCUSSION
The objective of this study, namely, to ascertain whether chemical agents could alter lipid metabolism in the aorta in vitro, has been attained in a positive fashion. To discover what relation these findings have to the normal in vivo function of the aorta requires further experimentation, in spite of the excellent evidence of viability for 10 day periods, such as that seen in the report by Strong, McGill. and Xyman. 9 The nature of the effects observed as produced by the hormones is interesting. Hydrocortisone, testosterone, estrone and progesterone represent 4 separate classes of steroidal hormones. Of the 4, estrone and progesterone are perhaps most closely linked in function, since both are female sex hormones. It is interesting to note in this study that they have the same effect on the aorta, namely a redistribution of incorporation of C 14 among the peaks in favor of peak 4. The quantitative aspect of the relative potency of the hormones is not clear from the study, because of the dosages employed.
Testosterone and hydrocortisone differ in their effect not only between themselves but also from the female sex hormones. Testosterone was able to double the TL n per gram value as well as the TL ( . per gram value. Hydrocortisone was only able to increase incorporation in those lipids that came off the column. However, by reducing to 0.6 of the expected value the ratio seen in peak 2 it was, like the 2 female sex hormones, able to alter the distribution of C 14 , although in a # E, result predicted by the control. Multiples or fractions of E demonstrate that the observed result deviated from the expected value for that particular parameter to the extent shown and that the effect was observed to be statistically valid in each of the experiments.
•\YTiere no effect is recorded in the tnble no elian^e was se:'ii, or was observed only once. different fashion. Testosterone had no effect on distribution of C 14 among the peaks. Seifter's lipotrophin 8 clearly stimulates C 14 incorporation without altering ratios among the peaks. Thus its effect is similar to testosterone, although chemically there is no relationship between the 2 substances. The 2 vitamins employed to date (paraaminobenzoic acid and nicotinic acid) have given marked and divergent effects. The ability of the former to influence lipid synthesis under our in vitro conditions was early and intensively studied. 7 It can frequently, but not invariably, affect synthesis of lipids by the formed elements of the blood. This capacity is merely noted here and not discussed further.
No experiment performed to date, however, has failed to reveal a significant effect of this substance on the aortic metabolism of the lipids. The fact that both these vitamins can niter the level of C 14 incorporation seen in the experimental perfusate indicates that not only can agents affect lipid metabolism within the aorta but also probably can alter the conditions under which movement between the aorta and the perfusate occurs. In this connection, previously reported studies on the movement out into the perfusate of newly synthesized cholesterol must be borne in mind.
1 ' 2 It has been shown by these earlier studies that newly synthesized cholesterol could be expected to move from aorta to perfusate. The portion of the newly synthesized sterol which appeared in the perfusate was related, in one experiment, to the extent of dilution of the serum used in the perfusate. 2 It was concluded from those studies that some agent or system normally present in serum was able to regulate the movement of cholesterol from aorta to perfusate. Whether or not para-aminoben zoic acid or nicotiuic acid were in part responsible for the data of the earlier observations is at present not discernible.
SUMMARY
Pour steroid hormones, a natural lipotrophic substance extracted from blood, and 2 vitamins have been shown able to alter lipid metabolism of the excised calf's aorta maintained in vitro. Only the 2 vitamins employed were capable of affecting lipid movement between the aorta and the perfusate.
SUMMARIO IN INTERLINGUA
Esseva monstrate que quatro differente hormones steroide, un substantia lipotrophic natural extrahite ab sanguine, e duo vitaminas esseva capace a alterar le metabolismo lipidic de un excidite aorta vitellin mantenite in vitro. Solmente le duo vitaminas esseva capace a afflicer le movimento de lipido inter le aorta e le perfusato.
